OBJECTIVES: Surgical aortic valve replacement (AVR) is increasingly performed in elderly patients with good perioperative outcomes and long-term survival, resulting in significant health-related quality-of-life benefits. This study aimed to evaluate the outcome of patients aged ≥80 years undergoing isolated AVR through a right anterior minithoracotomy (RAMT) and compare it with a full sternotomy (FS).
INTRODUCTION
Life expectancy in the Western world continues to increase, creating a challenging demand in healthcare systems for future decades [1] .
In Europe, the population older than 80 years of age is projected to be 5.7% by 2020 and ultimately double in 2060 (Available at: http://epp.eurostat.ec.europa.eu/statistics_explained/ index.php/Population_projections), and Italy is not an outlier [2] .
Overall, the current population will be living longer with more health problems than in the past. Furthermore, there is evidence of a higher prevalence of cardiovascular disease with advanced age, and severe calcific aortic stenosis is the most frequent valvular heart disease found in octogenarians. Its prevalence rate steadily increases with age, from 2.5% at 75 years to 8.1% at 85 years; thus, the cardiac surgeon is likely to be challenged by an increasing volume of elderly patients in need of heart surgery evaluation.
Aortic valve replacement (AVR) significantly improves quality of life and provides excellent short-and long-term outcomes. Previous reports on risk stratification and outcomes of heart surgery in the elderly have concluded with favourable results in survival and quality of life [3] [4] [5] .
Although a difference between the so-called chronological and biological age may often be found, the ability of the elderly patient to cope with a major physiological insult, such as heart surgery, is low due to existing comorbidity, limited functional reserve of vital organs, and reduced defence and adaptation capacity [6] .
Surgical AVR has been shown to improve symptoms and survival, yet patients with advanced age are at an increased risk of surgical complications or death [7] [8] [9] [10] [11] , and therefore, a less-invasive treatment strategy is desirable in such patients.
Minimally invasive AVR (MIAVR) has been shown to offer numerous advantages. Several earlier reports favourably compared right anterior minithoracotomy (RAMT) with full and partial sternotomy [12] [13] [14] [15] , and in the experience of our centre the RAMT was the most promising surgical approach for AVR [16] .
However, there is still limited evidence on the performance of minimally invasive AVR in the geriatric population; less is known on RAMT outcomes in the elderly, and so far no direct comparison of the matched population was performed with the conventional surgical approach. We hypothesized that RAMT versus full median sternotomy could benefit octogenarians to the same extent as younger patients. This study aimed to evaluate the outcomes of patients aged ≥80 years undergoing isolated AVR through RAMT and compare them to those of conventional full sternotomy (FS).
MATERIALS AND METHODS
The clinical audit committee of the G. Pasquinucci Heart Hospital Institutional Board approved the study to meet ethical and legal requirements, and all patients gave their written informed consent.
This was a retrospective, observational, cohort study of prospectively collected data from 516 patients who underwent isolated AVR through RAMT between August 2004 and September 2013. Of them, 116 were aged ≥80 years; 116 elderly patients underwent AVR through median sternotomy between February 2001 and September 2013, and 51 through partial sternotomy. Thus, a total of 283 elderly patients undergoing isolated AVR were available for analysis. However, in order to obtain a more homogeneous population, we preferred to exclude partial sternotomy cases from the study. Transcatheter aortic valve implantations were excluded from the analysis as well. Two patients with conversion to FS were analysed as intent-to-treat.
With propensity score matching (1 : 1), the outcomes of patients having minimally invasive surgery (RAMT) were compared with those in whom a full median sternotomy approach (FS) had been employed (100 vs 100).
Morrow septal myectomy, atrial fibrillation (AF) ablation, left atrial appendage closure and anterior mitral leaflet decalcification ('shaving') performed through aortotomy were (minor) associated procedures.
The completed data collection forms were entered in local databases and included several sections completed by the anaesthesiologists, cardiac surgeons, intensive care unit (ICU) personnel and perfusionists involved in the care of the patients.
Hospital mortality included all deaths within 30 days of operation irrespective of where the death occurred and all deaths in hospital after 30 days among patients who had not been discharged after the index operation. Prolonged ventilatory support was defined as pulmonary insufficiency requiring mechanical ventilatory support for more than 24 h. Prolonged ICU stay meant 3 days of ICU or more, immediately after surgery and afterwards. New-onset AF was defined by the documentation of AF of any duration at any point in the postoperative period on a rhythm strip or 12-lead electrocardiogram. Neurological complications included permanent (with duration more than 72 h, or strokes) and transient (transient ischaemic attacks or reversible cerebrovascular accidents, CVAs) neurological events. Postoperative stroke ( permanent CVA) was defined as any new permanent major (type II) neurological deficit that occurred anytime during the postoperative hospitalization and/or new findings on computed tomography (CT) or magnetic resonance imaging (MRI), persisting for more than 72 h. All patients were seen 2-3 months postoperatively and, thereafter, were contacted for follow-up data. Follow-up information was obtained by telephone calls, e-mail, surface mail or interview. The median follow-up period was 33.7 months (interquartile range, IQR, 21.8-69.5 months; cumulated follow-up 749 patient-years), and the follow-up data were 100% complete.
Anaesthetic and surgical techniques and postoperative management
Anaesthetic and surgical techniques were standardized according to institutional protocols for all patients, and have been described elsewhere [17] .
However, meticulous preoperative and postoperative care, including aggressive early mobilization, is mandatory in elderly patients to minimize complications and shorten postoperative stay. Nephrotoxic drugs are avoided when selecting prophylactic antibiotics. Central venous catheters are removed as soon as possible to avoid sepsis. Enteral feeding is begun early postoperatively and is used liberally.
All surgeries were performed by eight senior surgeons of our department, with no difference in operative technique, rigorously following a unique internal protocol.
MIAVR was performed through a right anterior thoracotomy (6-7 cm) in the second intercostal space, without rib resection.
Direct aortic cannulation was performed using low-profile cannulas such as Easyflow (Sorin, Saluggia, Italy) or Straightshot (Edwards LifeSciences, Irvine, California). Venous drainage was achieved with a variety of percutaneous venous cannulas such as BioMedicus multistage (Medtronic, Minneapolis, MN, USA), Quickdraw (Edwards LifeSciences), RAP (Sorin) or Smartcanula (Smartcanula LLC, Lausanne, Switzerland) inserted through the (right) femoral vein into the venae cavae. The correct placement of the venous cannula was obtained using the Seldinger technique under transoesophageal echocardiographic guidance. Since vacuum-assisted cardiopulmonary bypass (negative pressure approximately −40 to −60 mmHg) was established, a left ventricular vent was placed through the right superior pulmonary vein, and the patients were cooled down to 34 or 35°C if a sutureless or rapid deployment prosthesis was expected to be implanted. The ascending aorta was clamped with the Cygnet cross-clamp (Novare Surgical Systems, Cupertino, California) or with the Glauber's aortic detachable clamp (Cardiomedical GmbH, Langenhagen, Germany; distributed by the Sorin Group). Antegrade cardioplegic solution was given into the aortic root or selectively into the coronary ostia using warm blood cardioplegia or cold crystalloid solution (Custodiol Koehler Chemie, Alsbach-Haenlein, Germany). In all cases of MIAVR, the surgical field was flooded with carbon dioxide at a flow of 0.5-1.0 l/min. A standard implantation technique for both sutured (using a ORIGINAL ARTICLE D. Gilmanov et al. / Interactive CardioVascular and Thoracic Surgerypledgeted, interrupted suture technique for stented valves and continuous running sutures for stentless valves) and sutureless prostheses was implemented.
Intraoperative transoesophageal echocardiography was used routinely for the assessment of cardiac function, proper positioning of the percutaneous venous cannula, surgical results evaluation and confirmation of the air removal process. At the end of surgery, patients were transferred to the ICU and managed according to the unit protocol.
Statistical analysis
Patients' demographic and operative data were summarized as mean ± standard deviation for normally distributed continuous variables, median (IQR 25th-75th percentiles) for non-parametric continuous variables or proportion/prevalence for categorical variables, as appropriate. The Kolmogorov-Smirnov test was used to check the normality/skewness of continuous variables data in the subgroups before further analysis, and appropriate statistical tests have been chosen accordingly. Differences between subgroups were compared using the χ 2 test (two-tailed) for categorical variables (univariate analyses) and the Student's t-test or the Mann-Whitney U-test or Kruskal-Wallis test, as appropriate, for continuous variables.
To reduce the effect of selection bias and potential confounding in this observational study, we developed a propensity score analysis. All the variables listed in Table 1 were included in the analysis. A propensity score, indicating the predicted probability of receiving MIAVR treatment, was then calculated by the use of a non-parsimonious multiple logistic regression analysis from the logistic equation for each patient. Finally, we used the propensity score to match RAMT to FS patients (1 : 1 match). We used 5 to 1 digit matching, searching for the nearest neighbour, to identify the matched patients.
The composite event score included following complications: necessity for prolonged (over 24 h) mechanical ventilation support, reoperation for any cause, perioperative acute myocardial infarction, stroke, transient ischaemic attack, new-onset dialysis, multisystem failure, atrioventricular block requiring pacemaker implantation, cardiorespiratory arrest, need for percutaneous pericardial drainage, major arrhythmia and death during the index hospitalization.
Survival was evaluated using the Kaplan-Meier method, and the Mantel-Cox log-rank test was used to compare the survival curves.
We explored a total of 84 factors for inclusion in a multivariate model using univariate testing with a significance level of P < 0.10 used for selection. Significance was subsequently assessed in the multivariate model at the P < 0.05 level. Binary logistic regression analysis of predictor variables for 30-day mortality, perioperative stroke and prolonged hospital stay was performed with estimate odds ratios (ORs) and 95% confidence intervals (CIs) for each of the independent variables in the model displayed.
The Cox multivariable proportional hazards regression model based on 93 pre-and postoperative variables was developed to identify independent predictors of follow-up mortality in the studied population and to assess the role of surgical approach in late survival for both matched and unmatched patients. Hazard ratios with 95% CIs were calculated for each of the significant risk factors. All reported probability values are two-tailed, and probability values of less than 0.05 were considered to indicate statistical significance. All statistical analysis was performed with SPSS software, version 19.0 (SPSS, Inc., Chicago, IL, USA).
RESULTS
Within a 9-year study period (August 2004-September 2013), 516 patients underwent AVR through RAMT. We selected 116 of them, aged ≥80 years. One hundred and sixteen elderly patients underwent AVR through median sternotomy between February 2001 and September 2013 (Fig. 1) . Baseline demographic and preoperative data of the study population are presented in Table 1 . Before propensity matching, patients in the RAMT group were slightly older, had lower prevalence of arterial hypertension, AF, left ventricular dysfunction and pulmonary hypertension, and were less likely to have a critical preoperative status.
Following propensity score elaboration (−2 log likelihood of the regression model = 279.6; P = 0.97 for lack of fit by HosmerLemeshow), 100 pairs of patients have been matched (Table 1 ). In the matched cohorts, there was no longer any significant difference between the two groups for any covariate. In the resulting cohorts, there were 2 (2.0%) and 0 patients with previous heart surgery (RAMT versus FS, P = 0.16).
There were 2 (2.0%) conversions in the RAMT group due to intraoperative bleeding and technical impossibility of percutaneously cannulating venae cavae, and these cases have been analysed as intent-to-treat.
In 3 (3.0%) vs 4 (4.0%) patients, at least one complementary procedure was performed (RAMT versus FS, P > 0.99). The distribution of the prosthesis type received by the patient, operative times and other intraoperative data for the two groups of patients are given in Table 2 . Generally, larger aortic valve prostheses have been implanted in the RAMT group (23 vs 21 mm, P < 0.001), with a higher prevalence of sutureless valves (71 vs 4%, P < 0.001).
Operative times did not significantly differ in the two groups.
The main clinical outcomes of the propensity-matched cohorts are presented in Table 3 . The duration of ICU stay was similar between the groups (P = 0.27); 79 (79%) in the RAMT group vs 72 (72%) patients in the FS group were discharged from the ICU within 24 h (P = 0.25).
However, shorter time for extubation (P < 0.001) and shorter hospital length of stay (P = 0.005) were observed in the RAMT group.
Six patients died, and there was no significant difference for in-hospital mortality between the two groups (P = 0.68). A similar incidence of low cardiac output syndrome was observed as well (P = 0.42).
Zero vs 4 (4.0%) (P = 0.043) patients had postoperative stroke and 2 (2.0%) vs 0 (P = 0.16) had a transient ischaemic attack in the RAMT versus FS group, respectively. We registered the same rate of permanent pacemaker implant (P = 0.47) and that of new-onset AF (P = 0.28).
One patient with postoperative aortic dissection and one patient with aorto-ventricular junction detachment in the RAMT group were urgently reoperated after the index intervention [2 (2.0%) vs 0 in the FS group, P = 0.16].
One (1.0%) patient in the RAMT group had a surgical wound dehiscence and 1 (1.0%) patient in the FS group had a deep sternal wound infection (P > 0.99).
When forced into a multivariable logistic regression model (−2 log likelihood = 20.55, P > 0.999 for goodness of fit by HosmerLemeshow), among all available variables only prolonged (>24 h) artificial ventilation significantly correlated (OR 69.4; 95% CI 6.48-743.1, P < 0.001) with perioperative stroke, while no significant association was found with the surgical approach (P = 0.996).
Even though several variables were associated by a logistic binary regression model (P = 0.47 for lack of fit by HosmerLemeshow; −2 log likelihood = 0.0) with in-hospital death, none of them reached the level of statistical significance (P = 0.97-0.99 for each: angina, postoperative cardiorespiratory arrest, chronic obstructive pulmonary disease, assisted ventilation time and gastrointestinal complications).
In the multivariable logistic regression model (−2 log likelihood = 233.9, P = 0.874 for lack of fit by Hosmer-Lemeshow), five factors were independently associated with prolonged hospital stay (7 days or more). These factors included: FS approach (OR 1.88, 95% CI 0.99-3.56, P = 0.054), implanted aortic valve prosthesis size (OR 0.84, 95% CI 0.71-1.0, P = 0.049), early (within 12 h) extubation (OR 0.41, 95% CI 0.18-0.91, P = 0.028), cardiorespiratory arrest (OR 0.08, 95% CI 0.006-1.06, P = 0.055) and new-onset AF (OR 3.16, 95% CI 1.53-6.58, P = 0.002).
Roughly half of the patients in the RAMT group were discharged from the hospital within 6 postoperative days versus one-third in the FS group (P = 0.009; Table 3 ).
Seventy-two (72%) patients in the RAMT group vs fifty-four (54%) patients in the FS group were discharged directly home or to a rehabilitation centre (P = 0.031), while twenty-six (26%) vs fourty-three (43%) patients, respectively, needed further medical care in other hospital institutions. During the median follow-up period of 33.7 months (IQR, 21.8-69.5 months; cumulated follow-up 749 patient-years), 35 late deaths were registered, and 12 of them occurred in the RAMT group. Leading causes were cardiac-15 (of them, 2 valve-related deaths), followed by pulmonary-6, neurological-3 and infective causes-2.
Though the median follow-up duration was longer in the FS group: 59.2 (28.1-94.2) vs 24.2 (16.8-33.2), P < 0.001, the two groups had a similar Kaplan-Meier survival rate at 1, 3 and 5 years (94 vs 88%, 88 vs 81% and 80 vs 81%, respectively, P = 0.37; Figs 2 and 3) .
Ten variables were associated with follow-up mortality by the Cox multivariable proportional hazards regression model (−2 log likelihood = 193.8; χ 2 statistic 104.7; P < 0.001 for overall model fit), as illustrated in Table 4 . These variables included higher height, smoke and stroke history, infective endocarditis, congestive heart failure, higher logistic EuroSCORE, prolonged assisted ventilation, respiratory dysfunction, pleural effusion with need of drainage/ puncture and longer hospital stay. In this model, for both the unmatched (P = 0.93) and matched (P = 0.38) population, the RAMT approach did not exert any statistical impact on late survival (Fig. 4) .
DISCUSSION
Increased life expectancy constitutes one of the greatest achievements in human history. The rapidly increasing ageing population, frequently affected by various cardiovascular pathologies and associated comorbidities, has prompted the call for a better understanding of the needs and outcomes of elderly patients undergoing cardiac surgery [9, 10] .
A growing body of evidence on the outcome of surgical and transcatheter AVR of elderly patients has become available over the last decade [3, [18] [19] [20] .
Following encouraging results of the numerous studies above, growing numbers of elderly patients are referred at the present time for surgery; hence, surgical AVR is increasingly performed in elderly patients with good perioperative outcomes and longterm survival, and results in significant functional improvement and health-related quality-of-life benefits [3] [4] [5] . Advanced age, however, may pose an indication for less-invasive procedures, particularly in those patients aged >80 years, who are considered a vulnerable population due to associated comorbidities and frailty.
As shown in Fig. 1 , there has been a continuous increase in the number of octogenarian patients who had undergone isolated AVR in our centre since 2001, and the proportion of MIAVR had an explosive trend in 2011, with the introduction of sutureless prostheses. The present study demonstrates that the majority of patients aged 80 or above admitted for AVR had pre-existent comorbidity, were taking one or more medications and had functional limitations of their illness by NYHA class. A considerable part of the patients in this study required additional healthcare services beyond their admission.
Importantly, the significant difference in the prolonged hospital stay between the propensity-matched RAMT and FS groups, revealed by univariate analysis, was confirmed also by means of the multivariable regression model. Previously, reduced hospital stay was demonstrated in elderly (over 65 years of age) MIAVR patients compared with the conventional surgical approach in a case-control study by Sharony et al. [21] , in a propensity-matched population by Glauber et al. [16] , in a comparable population by Lamelas et al. [14] and in 1 : 4 matched MIAVR patients by Brinkman et al. [13] . Shorter ICU stay and ventilation times, as well, have been already described by direct comparison studies [13, 14] . Our internal protocols of patient management in the ICU do not provide the possibility of transfer to a common ward in the night and during a Sunday turn, unless particular circumstances occur (e.g. emergency case to be admitted in the ICU). Hence, the patients are discharged from the ICU during the day and the local database contains the ICU stay data expressed in days, rather than in hours. While many published reports specify ICU stay in hours, the current study, in contrast to others, described the respective data by units of days. This might explain why an important parameter of quality-the ICU stay (expressed in days)-did not differ between the two study groups (FS versus RAMT), but the ventilation time (expressed in hours) did.
The aortic valve prosthesis choice was left to the surgeon's preference; yet, three important periods could be defined over the time span of the current study. The first one (2001) (2002) (2003) (2004) was characterized by availability of only a conventional stented prosthesis; in the second one (2004-2010), a stentless prosthesis by the Sorin Group was frequently used along with the stented prosthesis. Superior haemodynamic performance of the stentless valves, especially in the patients with a small native annulus or fibrotic/calcified root with reduced elasticity, was guiding motif of such a novelty. The progressive development of transcatheter technology anticipated an important paradigm shift in our department-from stentless to sutureless aortic valve prostheses in elderly patients.
Thus, the third period came in early 2010, when a sutureless prosthesis was implanted for the first time in our institution in an octogenarian patient. The innovation of the sutureless prosthesis provided a qualitative leap, as well, and thenceforth, the octogenarian patients have been increasingly operated on in our department for isolated MIAVR (Fig. 1) , while the number of FS cases has constantly declined.
The majority of the patients in the RAMT group received sutureless prostheses (Table 2) , and this fact has probably determined a larger aortic valve prosthesis size. In our direct daily practice, the same native aortic annulus measured intraoperatively with sizers of different prostheses (especially, with the sutured and sutureless ones) frequently allows for a larger-sized prosthesis versus the conventional one-usually, one unit higher (e.g. 23 instead of 21 mm, etc.). However, the postoperative echocardiographic data on the effective orifice area were not available in all the patients enrolled in the study and, therefore, the current research has no effective orifice area analysis. Though we may speculate that the size of the prosthesis could have an impact on patient-prosthesis mismatch incidence, this issue was beyond the scope of the current study.
Sharony et al. [21] in their comparative study reported similar operative times in the MIAVR and FS groups: 110 vs 107 min (P = 0.87) for cardiopulmonary bypass and 78 vs 75 min (P = 0.34) for aortic cross-clamping. However, the data from analogously designed studies that have been published by Ruttmann et al. [12] , Brinkman et al. [13] (longer cross-clamping time, P < 0.001, but only a statistical trend to a longer perfusion time, P = 0.071) and Lamelas et al. [14] (P < 0.001 for both times, but regarding mixed-aortic and mitral-procedures) did not support those findings. 
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Similarly, our research group has reported earlier that propensity-matched patients in the RAMT group had longer cardiopulmonary bypass (121.6 ± 45 vs 107.1 ± 32.3 min, P = 0.003) and cross-clamping (86.9 ± 31.8 vs 72.1 ± 27.2 min, P < 0.0001) times, compared with conventional FS AVR [16] .
We deem two aspects important to note with regard to operative times observed in the present study. First, a considerable part of the patients in the FS group was operated on by the attending surgeons in the early 2000s, who were still under training, resulting in relatively longer CPB and aortic cross-clamping times compared with average values. There was also a significant interpersonal variability between the surgeons for dichotomized CPB (< or > than 100 and 90 min) and aortic cross-clamping (< or > than 70 and 60 min) duration (P < 0.001 for each comparison, calculated for the matched cohorts). Secondly, in one-third of the FS patients, the Sorin Freedom SOLO stentless prosthesis was implanted, which may have required a longer procedure, especially within a small aortic annulus. A recent single-centre study reported mean aortic cross-clamp times as long as 86.05 ± 34.2 min with this prosthesis [22] . Kolh et al. [7] also indicated that stentless prostheses might require a longer clamping time than stented prostheses.
In the FS group (no stentless prostheses have been used in the RAMT group), there was only a statistically insignificant, weak trend towards longer cross-clamping time with the Sorin Freedom SOLO prosthesis: 72.1 ± 25.4 compared with 64.8 ± 21.3 min (P = 0.14) in the rest of the patients.
Furthermore, the operative times in the MIAVR group-usually longer compared with conventional sternotomy-have been significantly improved by the use of sutureless valves, equalling thereby the disparity between the two groups.
The AVR crude early mortality rate of 4.0 and 2.0% for octogenarian patients in the current study compares favourably with what is reported in the literature: e.g., in-hospital mortality rate of 5.5% reported by Langanay et al. [19] , 5.6% by the Carabello group [11] , 6.1% in the review by Biancari et al. [23] and 9% by Kolh et al. [7] .
Even though only 2 patients died in the RAMT group versus 4 in the FS group, this difference was not statistically significant in our study, and the trend is exactly the same as observed in a recent large review [23] . However, the above review regarded unselected patients of all ages, in contrast to our study.
Furthermore, postoperative stroke incidence reduction in patients who had undergone MIAVR versus FS was reported by Biancari et al. [23] , even though this was statistically insignificant. As far as we know, our report is the first direct comparative study of minimally invasive and FS AVR in octogenarian patients to demonstrate the lower incidence of stroke with the RAMT approach.
No consistent association between the surgical approach and incidence of perioperative stroke was reported in the available literature: one of the sources reported higher occurrence with MIAVR, which was, however, not statistically significant [14] , and the others reported lower or equal incidence with mini-AVR [13, 16, 23, 24] .
In our study, this difference was statistically significant (P = 0.043), despite comparing only few events (0 cases vs 4 in the two study groups). With regard to perioperative stroke predictors and multivariable logistic regression analysis, it seems that a too small number of events (four) was an important limitation of such an analysis, so that the only inevitable aftereffect consequence of impaired cerebral function-prolonged ventilation in ICU-was correlated with acute irreversible cerebrovascular accident. Earlier, Sharony et al. [21] did not reveal any significant associated risk factors for stroke by multivariate analysis in elderly patients.
Interestingly, pacemaker implantation rate (P = 0.531) and re-exploration for bleeding (P = 0.590) were also similar between the MIAVR and FS patients in the above review by Biancari et al.
[23]-with data which are very similar to ours.
We observed a relatively better actuarial long-term survival in this very elderly population-80% at 5 years in both study groups, compared with 72% by Saxena et al. [20] , 77% by the Cohn group [25] and 65.4% by the review of Vasques et al. [3] .
In the present study, 10 factors have been independently associated with long-term survival by Cox regression analysis (Table 4) , and RAMT had no statistical impact (Fig. 4) . The protective Table 4 deserves particular comment. We do not think that one should smoke to improve survival after AVR; on the contrary, we consider it an important risk factor for cardiovascular health, as demonstrated by worldwide population trials. Nevertheless, the persons recruited in the current study and who smoked in the past, maybe, had had good general conditions to allow themselves to fall into the habit of smoking. Consistently with the data reported by Leontyev et al. [8] , we found good predictive force of the logistic EuroSCORE for late mortality.
Summarizing the survival data, one may observe that, in the present study, RAMT compared with FS allowed improved immediate outcomes in terms of morbidity, with faster recovery, with lower incidence of irreversible CVA, i.e. stroke, and did not compromise survival rate: either the early or late one.
Frailty of the elderly patient might have influenced the difference in the postoperative outcomes between the two approaches, previously observed in the non-selected population [12] [13] [14] 16] . Post-discharge care requirement determined in the present study by discharge destination was undoubtedly in favour of the MIAVR group (26.5% of survivors vs 44.3% in the FS group), suggesting that a minimally invasive technique might have contributed to a lower perioperative morbidity and a faster recovery, thus resulting in less need for continuous hospital care. Similar results, with a better performance of MIAVR, were reported by Sharony et al. [21] : 53% in the MIAVR group were discharged home compared with 39% in the sternotomy group, but only 28% of patients in that study were octogenarians. This is an important economic issue; however, an evaluation of cost-effectiveness was beyond the scope and resources of the current study, but could be a probable point of address for future research.
From a system perspective, early resource utilization planning can occur if we better understand this population's predicted demand for hospital care beds and longer-term need for appropriate supportive care, alternate level of care and rehabilitation or transition beds.
Study limitations
We acknowledge several limitations of our study. It is based on a retrospective analysis of our large, institutional, observational, prospectively collected database; thus, it reflects a single-centre experience only and carries all the limitations that a retrospective analysis design implies. The results are difficult to generalize as this was a single-centre study. Propensity score analysis is simply a method for reducing bias in observational studies and the matching was limited by the available variables.
We might have been unable to account for the influence of any residual unmeasured factors that could affect the adverse outcomes. However, chart review and data entry were performed according to prespecified definitions. Our internal institutional electronic database contains EuroSCORE I-based records, instead of the newly introduced and more efficient and precise EuroSCORE II. As mentioned before, since 2005 there was an intrinsic bias for surgical approach selection (preoperatively), favouring RAMT over FS. Consequently, year-by-year distribution of operated patients ( Fig. 1) and follow-up duration in the two groups were not even, as the MIAVR phase came later. The multivariable logistic regression model of stroke and in-hospital mortality predictors is limited by the low number of events, which could have affected the result as shown by a wide CI.
Although the Cox regression model identified several independent predictors of late mortality, this analysis is also limited by the low number of events associated with particularly low prevalence variables (stroke history, infective endocarditis and pleural effusion requiring puncture; see Table 4 ), which could have affected the result as shown by a wide CI. We have utilized all-cause mortality data (though reliably obtained from our database) rather than the more specific cardiac-related mortalities, and we did not address the relative incidence of non-fatal cardiacrelated events. The series also encompasses our 'learning curve', as it includes our initial experience with MIAVR and, earlier, with FS, when the attending surgeons were still under training.
Our database is lacking specific geriatric evaluation, e.g. frailty and reduced mobility scores, which are important prognostic indices of early and late outcomes in senile patients.
CONCLUSIONS
MIAVR through RAMT can be safely performed in patients aged ≥80 years with acceptable morbidity and early and late mortality rates. It is an expeditious and effective alternative to FS AVR and might be associated with lower postoperative stroke incidence, earlier extubation and shorter hospital stay.
